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THREADED SYRINGE FOR DELIVERY OF A BONE SUBSTITUTE MATERIAL 



FIELD OF THE INVENTION 

The invention relates to a threaded syringe. More particularly, this invention 
5 relates to a syringe for use in the delivery of a bone substitute material. 



BACKGROUND OF THE INVENTION 

Injectable bone substitute materials are used for the repair and augmentation 
of orthopedic fractures and defects. Bone substitute materials can also be used in certain 

10 diagnostic or therapeutic procedures that require the formation of a cavity in a bone mass. 
This procedure can be used to treat any bone, for example, bone which due to osteoporosis, 
avascular necrosis, cancer, or trauma, is fractured or is prone to compression fracture or 
collapse. These conditions, if not successfully treated, can result in deformities, chronic 
complications, and an overall adverse impact upon the quality of life. 

15 Furthermore, it is known that during some surgical operations, it is necessary 

to inject a relatively large quantity of bone substitute material at relatively low pressure and 
thereafter to inject a small quantity of material at relatively high pressure without applying 
substantially increased force. However, especially with highly viscous or solid, yet pliable 
cement compositions, it is often difficult with a standard push-type syringe to generate the 

20 pressure needed to express the material through the syringe outlet opening by exerting 
pressure on the syringe plunger in an axial direction. Another serious problem is that once 
sufficient pressure is applied to the plunger, it is difficult to precisely control the amount of 
material expelled through the outlet opening of the barrel, resulting in extraosseous (i.e., 
outside the bony cavity) flow. 

25 Various types of devices have been used for delivering bone substitute 

material, such as bone cement. For example, injector guns having a trigger mechanism that 
includes a trigger in the form of a lever have been used. Also, standard push-type syringes 
comprising a barrel and a plunger may be used for such purposes. 

A bone cement gun is described in U.S. Patent No. 5,638,997 as having a 

30 trigger mechanism that has first and second mechanical advantages corresponding to the 
trigger stroke. The first mechanical advantage facilitates generating a high pressure in the 
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Patent No. 4,338,925, a trigger gun is disclosed that utilizes a trigger mechanism with a 
constant mechanical advantage. 

Trigger guns, however, generally lack the improved tactile feedback 
available using a syringe apparatus. Such improved tactile feedback is important to notify 
5 the surgeon when there is an occlusion or other blockage which prevents the material from 
exiting the delivery device, or in the performance of sensitive procedures such as in repair 
of the vertebra. 

One type of injector or syringe for injecting bone cement into surgically 
prepared bone cavities is described in European Patent B 1-006430. The bone cement 

1 0 injector consists of a piston and cylindrical tube to which a nozzle element having a nozzle 
tube of relatively narrow cross-section is attached. Such an injector is constructed so as to 
permit the mixing and extrusion of a pasty bone cement in a simple manner. In this regard, 
the nozzle tube is made as a two-part member of relatively narrow cross-section. 

Another type of syringe for bone cement is described in U.S. Patent No. 

15 4,576,152. The injector is provided with an injection nozzle in the bottom of the cylinder 
tube for low pressure operation to deliver large quantities of bone cement. A nozzle 
element can be releasably attached to the cylinder tube for high pressure injection. The 
nozzle element is removed for low pressure injection and attached for high pressure 
injection. 

20 

SUMMARY OF THE INVENTION 

The invention relates to a syringe for delivery of a bone substitute material. 

The syringe includes a barrel for holding the material, a plunger receivable within the barrel 

and having a threaded portion, and an engagement member including a threaded 
25 throughbore positioned coaxial with the barrel. The threaded portion of the plunger is 

movable through the threaded throughbore barrel by pushing the plunger in the axial 

direction, and by rotating the plunger. 

The preferred engagement member has a C-shape and includes a slot 

extending radially therethrough. In addition, the preferred engagement member is 
30 expandable in the radial direction. In one embodiment, the cross-sectional area of the 

throughbore is variable. In another embodiment, the throughbore includes an inner surface 

that is in full contact with the plunger when the plunger moves therethrough. 
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In another preferred embodiment, the material exits the barrel under a first 
pressure when the plunger is pushed in the distal direction and the material exits the barrel 
under a second pressure when the plunger is advanced through rotation. Preferably, an 
audible noise is made as the threaded portion plunger moves past the engagement member 

5 when the plunger is pushed in the axial direction. Preferably, a predetermined amount of 
material is expelled from the barrel with each audible click. In addition, a predetermined 
amount of material is expelled from the barrel when the barrel is advanced with each 
rotation of the plunger. 

Preferably, the syringe also includes a coupling member configured to 

1 0 receive a portion of a package containing material to facilitate the transfer of material from 
the package to the barrel. The preferred coupling member includes a funnel member to 
funnel the material into the barrel. 

Preferably, the syringe also includes a finger grip coupled to the barrel at the 
proximal end and the engagement member is housed within the finger grip. In one 

1 5 embodiment, the finger grip comprises a pair of half shells. In the preferred embodiment, 
the engagement member is movable within the finger grip between a first position to allow 
the plunger to advance by pushing the plunger in the axial direction and a second position to 
allow the plunger to advance by rotating the plunger. The preferred engagement member 
includes an extension arm that contacts the inner wall of the finger grip when the 

20 engagement member is in the first position. Preferably, the engagement member engages a 
seat for preventing the engagement member from expanding when the engagement member 
is in the second position. 

The invention also relates to a method of expelling material from a syringe 
having a barrel with an engagement member, and a plunger. A preferred method includes 

25 the step of moving the plunger within the barrel by pushing the plunger through the 
engagement member and moving the plunger within the barrel by rotating the plunger 
through the engagement member. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a syringe apparatus constructed according to 
the present invention; 

Fig. 2 is a front view of the syringe of Fig. 1 showing a cross-sectional view 
5 of the finger grip; 

Fig. 3 is a perspective view of an engagement member of the syringe of Fig. 

1; 

Fig. 4 is a perspective view of the threaded plunger of Fig. 1; 

Fig. 5 is a partial, longitudinal, cross-sectional profile view of threads of the 
1 0 threaded plunger of Fig. 1 . 

Fig. 6 is an exploded, perspective view depicting the attachment of a tube of 
material with the syringe of Fig. 1; 

Fig. 7 is a perspective view of a coupling member of Fig. 6; 

Fig. 8 is front, cross-sectional view depicting the transfer of material to the 
15 syringe of Fig. 1; 

Fig. 9 is a perspective view of the tube of Fig. 6 as it is detached from the 
syringe of Fig. 1; 

Fig. 10 is a perspective view showing the insertion of the plunger of Fig. 4 
into the barrel of Fig. 1; and 
20 Figs. 1 1 A-B are partial cross-sectional views of the finger grip of Fig. 1 

depicting the engagement member in first and second positions respectively. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring generally to Figs. 1 and 2, a first embodiment of a syringe 10 
25 constructed according to the present invention comprises a cylindrical body or barrel 12, an 
engagement member 13, and a threaded plunger 14. The syringe is intended for use in the 
delivery of a medicament, preferably for the delivery of material that promotes recovery 
from injury or ailment of the bones. Some examples of suitable material applicable in the 
therapeutic treatment of bone include polymethylmethacrylate (PMMA), calcium phosphate 
30 cements, such as Norian Calcium Phosphate Bone Cement available from Norian 

Corporation of Cupertino, CA, calcium sulphate cements, demineralized bone suspensions, 
or other bone filler material or bone substitutes. In the preferred embodiment, syringe 10 is 
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intended to deliver relatively highly viscous or solid, yet pliable materials, or materials that 
have a relatively low liquid to solid ratio, such as a paste. 

Barrel 12 includes a central channel or bore 16 extending along a 
longitudinal axis 18 of barrel 12 from a proximal end 20 to a distal end 22. The interior of 
5 bore 16 is substantially cylindrical and preferably has a diameter D of about 0.625 inches. 
An exit channel 24 is in fluid communication with bore 16 at the distal end of bore 16 and 
has a diameter smaller than that of bore 16 for expelling contents of barrel 12 therethrough 
when the syringe 10 is used. The interior wall of bore 16 is tapered at a reducer angle 26 at 
the distal end to transition to the smaller diameter exit channel 24. In the preferred 
10 embodiment, the reducer angle 26 is about 90 degrees included to facilitate the transfer of 
material out of bore 16 and into exit channel 32. Barrel 12 has a generally cylindrical outer 
surface 28 and preferably has at least one circular flange 30 at the proximal end 20 that 
extends radially beyond the outer surface 28. A pair of planar finger grip mounts 33 extend 
radially outward from and longitudinally beyond the proximal end 20 of barrel 12 for 
15 supporting a finger grip 34. 

A needle attachment portion 36 is formed at the distal end 22 of syringe 10. 
Needle attachment portion 36 includes a central cylinder 38 that extends in the distal 
direction from the distal end of barrel 12 and defines the exit channel 32 on its interior. A 
pair of fins 40 extend from the distal end of barrel 12 to the distal end 22 of syringe 10. At 
20 least one flange 42 is positioned at the distal end of needle attachment portion 36 to 
facilitate the attachment of a needle or the like to the distal end 22 of syringe 10. 

The finger grip 34 is coupled to the finger grip mounts 33 at proximal end 20 
of syringe 10 and is configured to accommodate the fingers of the user when the syringe is 
used. In a preferred embodiment, finger grip 34 comprises a pair of half shells 44 fitted 
25 over mounts 33 and attached together in a mating relationship, such as by ultrasonic 

welding. Preferably, the distal portion of the finger grip 34 abuts a circular flange 30 so that 
when the syringe is used, any force exerted upon finger grip 34 in the proximal direction is 
transferred to the barrel 12 and vice versa. A portion of the interior of the finger grip 34 
abuts or contacts the mounts 33 so that any rotational force transmitted to finger grip 34 is 
30 transferred to barrel 12 and vice versa. The exterior of finger grip 34 includes a central 
cylindrical portion 46 having a diameter slightly greater than that of barrel 12 and a pair of 
finger portions 48 oriented parallel to the longitudinal axis 18 of barrel 12. The interior of 
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finger grip 34 is at least partially hollow and houses the engagement member 13 therein. In 
the preferred embodiment, engagement member 1 3 is free to expand in the radial direction 
and move in the axial direction within the interior of central cylindrical portion 46. In 
alternate embodiments, engagement member 13 can be housed in barrel 12, or be formed 

5 integral therewith. 

Referring to Figs. 2 and 3, the engagement member 13 is positioned 
adjacent proximal end 20 of barrel 12 and includes a threaded throughbore 50 having 
threads 52 on its inner surface 54. Threads 52 of engagement member 13 are 
complimentary to the threads of plunger 14. In the preferred embodiment, engagement 

1 0 member 1 3 has a C-shape with an outer diameter which generally corresponds to the 
diameter of circular flange 30 described above. A slot 56 extends radially from the 
throughbore 50 to the exterior surface 58 of the engagement member 13 to allow for 
engagement member 13 to expand in the radial direction, as shown by arrows 60 in Fig. 3. 
In the preferred embodiment, engagement member 13 and threaded throughbore 50 are 

1 5 situated within finger grip 34 such that they are in axial alignment with the central bore 1 6 
of barrel 12. Slot 56 is aligned with and engages one of finger grip mounts 33 and a portion 
of the exterior surface 58 of engagement member 13 abuts the other finger grip mount 33. 
Engagement member 13 is movable in the axial direction within the interior of finger grip 
34. Engagement member 13 is movable between a first position at the distal side of finger 

20 grip 34 where the engagement member abuts or contacts barrel 12, shown in Fig. 1 1 A, and 
a second position at the proximal side of finger grip 34 where the engagement member 
abuts or contacts the interior wall of the finger grip, shown in Fig. 1 IB. The engagement 
member 13 is prevented from rotation by the slot 56 as it is engaged with finger grip mount 
33. Engagement member 13 includes an extension arm 62 that contacts the interior wall of 

25 finger grip 34 when the engagement member is in the first position and provides a readily 
identifiable feature of the engagement member to assist in the proper assembly of syringe 
10. 

Referring to Fig. 4, plunger 14 has a proximal end 72, a distal end 74, a 
threaded stem 76, an unthreaded distal tip 78, and an integrally formed, handle shaped head 
30 80. The external threads 82 of threaded stem 76 are complementary of, and configured to 
mate with, the internal threads 52 of engagement member 13. The outside diameter of the 
threads 82 of threaded stem 76 is approximately the same, yet is slightly smaller than, the 
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internal diameter D of central bore 16 of barrel 12, such that threaded stem 76 will slide 
with close tolerance within central bore 16. In one preferred embodiment, the pitch of 
threads 82 of the threaded stem 76 is about 0.10 inches, or about ten threads per inch. 
Preferably the flank angles 84, 86 of threads 82 are not symmetrical. As can be seen in Fig. 

5 5, leading flank surfaces 88 of respective threads 82 of threaded stem 76 each have a 
leading flank angle 84. In the preferred embodiment, leading flank angle is about 60 
degrees, however, leading flank angle 84 preferably is between about 45 to about 75 
degrees. Trailing flank surfaces 90 each have a trailing flank angle 86 of between about 0 
to about 10 degrees, preferably 0 degrees. The preferred flank angles facilitate the delivery 

10 of material from syringe 10 in a push-type fashion and prevent plunger 14 from being 
pushed or forced in the proximal direction when in use. The aforedescribed thread profile 
clearly constitutes a departure and modification from that of an Acme thread profile. The 
reader is referred to Machinery's Handbook. Twenty-fourth Edition, Industrial Press 
Incorporated, New York, N.Y., for a more detailed description of the terms utilized herein 

15 to describe the threads and their constituent parts. Many of the definitions contained therein 
to describe thread parts are hereby incorporated by reference. 

To prevent the material from flowing back up between the threads of 
threaded stem 76 as it is advanced into barrel 12, the outside diameter of unthreaded tip 78 
is approximately the same, yet is slightly smaller than, the internal diameter of central bore 

20 16, such that unthreaded tip 78 will slide with close tolerance within central bore 16. 
Unthreaded tip 78 also has an annular recess for receiving an o-ring of suitable size (not 
shown) so as to provide a more effective seal against the inner surface of central bore 16. 
The distal end 74 of unthreaded tip 78 has an angled tip surface 92, which facilitates 
expelling a maximum amount of material out of the syringe 10. In a preferred embodiment, 

25 the distal end of tip 78 has a plunger angle 94 of between about 95 and 145 degrees, more 
preferably between about 105 and 135 degrees, most preferably about 120 degrees. It has 
also been determined that it is desirable that plunger angle 94 does not equal the reducer 
angle 26. It is also preferable that the plunger angle 94 is greater than the reducer angle 26 
so that a maximum amount of material can exit the syringe. 

3 0 Plunger 1 4 can be axially pushed or rotated through engagement member 1 3 

to advance within barrel 12. The plunger 14 is movable through the threaded throughbore 
50 of engagement member 13 along the longitudinal axis 18 of barrel 12 by pushing the 
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plunger in the axial direction. The plunger 14 can also be moved along the longitudinal axis 
of barrel 12 by rotating the plunger such that the threads 82 of threaded stem 76 of plunger 
14 engage the threads 52 of threaded throughbore 50. 

Referring to Figs. 6-9, in a preferred embodiment a coupling member 110 

5 can be attached to the proximal end 20 of barrel 12 to facilitate the insertion of material into 
barrel 12. Coupling member 1 10 is adapted to fit a package or tube 96 having a coupler 98 
to facilitate the transfer of material held in tube 96 to the syringe. 

One preferred coupling member 1 10, shown in Fig. 7, includes an inverted 
central funnel member 1 12 having a relatively narrow cylindrical nose 1 14 extending 

10 upward from a wider mouth portion 1 16 at its base. Thread engaging fingers 118 are spaced 
from mouth portion 1 16 and are configured to engage threads 52 of engagement member 
13. A pair of release arms 120 extend radially outward from the top of nose 1 14 and 
facilitate the insertion and removal of coupling member 110 with respect to the proximal 
end 20 of barrel 12. As can be seen in Fig. 8, once coupling member 1 10 is inserted, into the 

15 proximal end 20 of barrel 12, coupler 98 of tube 96 engages coupling member 1 10 and nose 
1 14 extends into coupler 98. With tube 96 engaged with barrel 12, the material in tube 96 
can be easily transferred therefrom, for instance by squeezing tube 96. As material enters 
barrel 12, inverted funnel 112 of coupling member 110 advantageously diverts the material 
through engagement member 13 and protects engagement member 13 from contacting the 

20 material during transfer. Maintaining the engagement member free from material is 

desirable to allow the engagement member to freely move during operation of the syringe. 
Referring to Fig. 9, once sufficient material has been transferred to barrel 12, the coupling 
member 110 and tube 96 can be easily removed form syringe 10 by accessing release arms 
120 and disengaging fingers 118 from threads 52. 

25 Referring now to Fig. 10, once the material is situated in barrel 12 , plunger 

14 is inserted into the proximal end 20 of barrel 12 through engagement member 13 and 
extends into the central bore 16 of barrel 12. The material can be expelled under both low 
and high pressure as desired. For example, a low pressure may be appropriate to expel a 
large amount of material while a high pressure may be appropriate for instances where the 

30 material must flow into a closed cavity, or penetration into cancellous bone is desired. In 
some embodiments between about 100 psi and about 500 psi must be generated to inject the 
treatment material at a sufficient rate. It is noted that it is desirable for the user to receive 
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tactile feedback during the insertion of the material so that the material is delivered under 
optimum pressure depending on the procedure involved. 

The material can be expelled under low pressure by pushing plunger 14 in an 
axial direction. As explained above, the flank angles 84, 86 of the threads 82 are not 

5 symmetrical, but rather have a lead surface 88 with a leading flank angle 84. As such, when 
the plunger is advanced or pushed in the axial direction, this leading flank angle 84 guides 
the engagement member 13 into an area within the finger grip 34 where it can resiliently 
expand in the radial direction, as shown by arrows 60 in Fig. 3. In this regard, the cross- 
sectional area of the throughbore 50 varies with the expansion and contraction of the 

10 engagement member 13 as each thread 82 of the plunger passes therethrough. In this mode, 
the engagement member 13 acts like a ratchet with minimal resistance as the plunger is 
advanced in the distal direction. In the preferred embodiment with a trailing flank angle of 
about 0 degrees, once a thread 82 has advanced through the engagement member in the 
distal direction the thread is prevented from moving backward in the proximal direction 

1 5 through the engagement member without rotating the plunger in the counterclockwise 
direction, i.e. unscrewing the plunger. In the preferred embodiment, inner surface 54 of 
throughbore 50 surrounds plunger 14 and is preferably in full contact with plunger 14 as the 
plunger moves therethrough. Preferably, there is an audible click coincident with each 
complete thread 82 passing the engagement member. By adjusting the pitch of the thread 

20 82 relative to the cross-sectional area of barrel 12, this click represents a discrete volume of 
material ejected from the syringe. In a preferred embodiment, with a diameter of 0.625 
inches and a thread pitch of 0.10 inches, one click represents 0.5 cc of material ejected from 
the syringe. This provides a user with a method of determining volume delivered. 

The material can be expelled under high pressure by rotating head 80 of 

25 plunger 14 relative to barrel 12 in a clockwise direction. When the head is rotated, the 
distal end 74 of plunger 14 is progressively advanced into the central bore 16 of barrel 12. 
Threaded throughbore 70 and threaded stem 76 cooperate to translate external rotational 
forces applied to head 80 into longitudinal forces applied through the distal end 74 of 
plunger 16 to the bone cement material contained in barrel 12. It will be appreciated by 

30 those skilled in the art that the use of the threaded plunger makes it easier for the user to 
generate the forces needed within barrel 12 to extrude the material out of the distal end 22 
of barrel 12 under relatively high pressures. It is noted that the shape of head 80 also allows 
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the user efficiently to rotate plunger 16 with a minimal amount of hand and wrist rotation. 
The enlarged head 80 is shaped to facilitate ease of gripping and manipulation by the user. 
Those skilled in the art will appreciate that significant pressures can be generated within 
barrel 12 as plunger 16 is advanced into barrel 12 by rotating plunger 16 relative to barrel 

5 1 2, particularly when highly viscous or solid, yet pliable bone cement compositions are 
situated within barrel 12. In that regard, in a preferred embodiment the mechanical 
advantage provided through the use of the threaded plunger is preferably about 5 to 1. In 
addition, the number of rotations (or fraction thereof) of plunger 14 relative to barrel 12 
provides a means for metering the amount of material discharged from the distal end 22 of 

1 0 syringe 1 0. In one preferred embodiment incorporating the 0. 1 0 inch pitch threads, each 
complete revolution (e.g., 360 degrees) of head 80 causes plunger 14 to advance 
longitudinally a sufficient distance to force 0.5 cc of material out the distal end 22 of barrel 
12. 

Referring to Fig. 1 IB, in one preferred embodiment, once the plunger is 
1 5 rotated in a clockwise direction, engagement member 13 is urged in the proximal direction 
and engages a seat portion 126 at the proximal interior of finger grip 34. Seat portion 126 
preferably surrounds or traps at least a portion of the exterior of engagement member 13 and 
prevents the engagement member from expanding in the radial direction. This 
advantageously provides a rigid support for the engagement member so that the engagement 
20 member performs like a threaded nut and transfers the rotary motion of plunger 14 into an 
axial motion. 

One of ordinary skill in the art can envision numerous variations and 
modifications to the invention disclosed herein. All of these modifications are 
contemplated by the true spirit and scope of the following claims. 



30 
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CLAIMS 

What is claimed: 

5 1 . A syringe for delivery of a bone substitute material, comprising: 

a barrel for holding the material and having a longitudinal axis extending 

therethrough; 

a plunger receivable within the barrel and having a threaded portion; and 
an engagement member positioned coaxial with the barrel, the engagement 
10 member including a threaded throughbore having threads that are complimentary to the 

threaded portion of the plunger, 

wherein the threaded portion of the plunger is movable through the threaded 

throughbore barrel by pushing the plunger in the axial direction, and by rotating the plunger. 

15 2. The syringe of claim 1 , wherein the engagement member has a 

C-shape and includes a slot extending radially therethrough. 

3 . The syringe of claim 2, wherein the engagement member is 
expandable in the radial direction. 

20 

4. The syringe of claim 1, wherein the cross-sectional area of the 
throughbore is variable. 

5. The syringe of claim 1, wherein the throughbore includes an inner 
25 surface that is in full contact with the plunger when the plunger moves therethrough. 

6. The syringe of claim 1, wherein the material exits the barrel under a 
first pressure when the plunger is pushed in the distal direction and the material exits the 
barrel under a second pressure when the plunger is advanced through rotation. 

30 
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7. The syringe of claim 1 , wherein an audible noise is made as the 
threaded portion plunger moves past the engagement member when the plunger is pushed in 
the axial direction. 



5 8. The syringe of claim 7, wherein a predetermined amount of material 

is expelled from the barrel with each audible click. 

9. The syringe of claim 1 , wherein a predetermined amount of material 
is expelled from the barrel when the barrel is advanced with each rotation of the plunger. 

10 

1 0. The syringe of claim 1 , further comprising a coupling member 
configured to receive a portion of a package containing material to facilitate the transfer of 

• material from the package to the barrel. 

15 11. The syringe of claim 1 0, wherein the coupling member includes a 

funnel member to funnel the material into the barrel. 



12. The syringe of claim 1, further comprising a finger grip coupled to 
the barrel at the proximal end, the engagement member housed within the finger grip. 

20 

1 3 . The syringe of claim 1 2, wherein the finger grip comprises a pair of 

half shells. 



14. The syringe of claim 12, wherein the engagement member is movable 
25 within the finger grip between a first position to allow the plunger to advance by pushing 

the plunger in the axial direction and a second position to allow the plunger to advance by 
rotating the plunger. 

15. The syringe of claim 14, wherein the engagement member includes 
30 an extension arm that contacts the inner wall of the finger grip when the engagement 

member is in the first position. 
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1 6. The syringe of claim 14, wherein the engagement member engages a 
seat for preventing the engagement member from expanding when the engagement member 
is in the second position. 

5 1 7. A method of expelling material from a syringe having a barrel with 

an engagement member, and a plunger, comprising the steps of: 
moving the plunger within the barrel by pushing the plunger through the 
engagement member; and 

moving the plunger within the barrel by rotating the plunger through the 

10 engagement member. 



15 
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Fig. 7 
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Fig. 9 



WO 03/015845 



10/11 



PCT7US02/26572 




Fig. 10 
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